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Subsystems and in The SEED

Subsystem: NAD and NADP cofactor biosynthesis global
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Functional Roles and Reaction Sets

Reactions in the context of the pathway should be
associated with each functional gene annotation

Functional Roles
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Subsystems to Reaction Networks

The reactions that are associated with an organism are
combined to form a network based on the subsystems
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~200 SUBSYSTEMS CURRENTLY UNDER DEVELOPMENT

ABC TRANSPORTER ALKYLPHOSPHONATE (TC 3.A.1.9.1)
ABC TRANSPORTER ARABINOSE (TC 3.A.1.2.2)

ABC TRANSPORTER BRANCHED-CHAIN AMINO ACID (TC 3.A.1.4.1)

ABC TRANSPORTER DIPEPTIDE (TC 3.A.1.5.2)

ABC TRANSPORTER FERRIC ENTEROBACTIN (TC 3.A.1.14.2)
ABC TRANSPORTER FERRICHROME (TC 3.A.1.14.3)

ABC TRANSPORTER GALACTOSE (TC 3.A.1.2.3)

ABC TRANSPORTER GLUTAMATE ASPARTATE (TC 3.A.1.3.4)
ABC TRANSPORTER GLUTAMINE (TC 3.A.1.3.2)

ABC TRANSPORTER GLYCEROL (TC 3.A.1.1.3)

ABC TRANSPORTER HEME (TC3.A.1.107.1)
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ANAEROBIC_RESPIRATORY_REDUCTASES
ARGININE_BIOSYNTHESIS
ARGININE_DEGRADATION
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Abstract

Background: Several strains of bacteria have sequenced and annotated genomes, which have besn
used in conjunction with biochamical and physiclogical dara to reconstruct genome-scale metabolic
networks. Such reconstruction amounts to @ two-dimersioral anno@tion of the ganome. These
networks have been analyzed with a constraint-based formalism and a variety of biologically
meaningful results have emergad. Staphylococous aursus is a pathogenic bacterium that has evolved
resis@nce to many antibiotics, representing a significant heakch care concem. We present the first
rranually curated elemantally and charge balanced genomea-scale recorstruction and model of 5
aureus’ me@bolic networks and compute some of its properties.

Resules: We reconstructed a genome-scale metabolic network of 5. aursus strain M315. This
reconstruction, termed SB&19?, consists of 619 ganes that catalyze &40 metabolic reactions. For
2 1'% of the reactions, open reading frames are explicitly linked to proteins and ©o the reaction. All
bt thres of the metabolic reactions are boch charge and elementlly balanced. The reaction list is
the most com plets to date for this pathogen. YWhen the capabilities of the reconstrocted network
were aralyzed in the contesct of rrectimal growth, we formed hypotheses regarding growth
requirernents, the efficiency of growth on different carbon sources, and potential drug targets.
These hypotheses can be tested escperimentally and the data gathered can be used to improve
subsequent versions of the reconstruction.

Conclusion: i5B619 represents comprehansive biochemically and genetically  structured
information about the me@bolism of 5. aureus to date. The reconstructed metmbolic network can
bie usad to predict cellular phenotypes and thus advance our urderstanding of a troublesome
pathogern.




FB Model of Staphylococcus aureus

* Scott Becker and Bernard Palsson (@ UCSD

* iISB619

— 619 genes

— 537 proteins

— 640 metabolic reactions

— 581 reactions linked to genes
— 571 metabolites

— 84 exchange fluxes

5
Q ? www.nmpdr.org NMPDR \&’ Al Microbi



glucose
mannose
fructose
— ribose
sucrose
lactose
—— trehalose
—-==-maltose

Normalized biomass yield

0 0.2 0.4 0.6 0.8 1
Normalized oxygen consumption

Figure 2

Relative growth efficiency with different carbon sources. The in silico growth of i5B619 varies depending on which car-
bon source is provided and the amount of oxygen present. The predicted efficiency of carbon incorporation into biomass is
shown here as a function on the oxygen consumption. Growth rate is normalized relative to the number of carbon atoms per
meolecule. Oxygen consumption is normalized relative to optimal oxygen consumption for each carbon source. Trehalose, lac-
tose, and sucrose all overlap (the trehalose line indicates all three). The legend is presented in the same order as the carbon
sources appear in the figure, top to bottom.




Table 3: Essential enzymes and potential chemical inhibitors

Enzyme name Potential Inhibitor Prior testing? Reference
acetyl-CoA carboxylase pseudopeptide pyrrolidine dione antibiotics SA, B [45]
4-amino-4-deoxychorismate synthase (65)-6-fluoroshikimate B [46]
Adenosylmethionine decarboxylase CGP 402 15A, AdoMao B [47 48]
asparagine synthase (glutamine-hydrolysing) mucochloric and mucobromic acids, L-cysteine sulfinic B [49,50]
acid
dihydrofolate reductase methylpteridines B [51]
dihydropteroate synthase Sulfone and sulfanilamide sulfa drugs B [52,53]
3-dehydroquinate synthase carbocyclic inhibitors B [54]
FMN adenylyltransferase (FAD synthase) Riboflavin 5'-pyrophosphate F [55]
glycerol-3-phosphate dehydrogenase (NADP) 5-n-alk(en)ylresorcinols MNF [56]
glutamine synthetase L-methionine sulfoximine, aminomethylene- NF [57.58]
bisphosphonic acid derivatives
glutamyl-tRNA reductase see table | in paper NF [59]
GTP cyclohydrolase | Diamino-6-hydroxypyrimidine, pterins MNF [60,61]
Hydroxymethylglutaryl CoA reductase (ir) statins MNF [62,63]
Hydroxymethylglutaryl CoA synthase (ir) beta-lactone, 3-Hydroxy-3-methylglutaryldithio- MNF [64,65]
coenzyme A
isopentenyl-diphosphate D-isomerase NE21650 NF [66]
methionine adenosyltransferase adduncts |4 and 16 B [67]
Phosphatidate phosphatase Propranolol NF [68]
phosphoribosylpyrophosphate synthetase MRPP, ARPP NF [69]
riboflavin synthase 9-D-ribitylamino-1,3,7 9-tetrahydro-2,6 8-purinetriones B [70]
spermidine synthase adenosylspermidine, dicyclohexylamine SA, B [71,72]
thiamine transport via ABC system azidobenzoyl derivatives of thiamin, methylene blue F [73,74]
thioredoxin reductase Arsenicals, Aurothioglucose NF [75,76]
UDP-N-acetylglucosamine 4-epimerase uridine analogs NF [77]
UDP-N-acetylenolpyruvoylglucosamine reductase 4-thiazolidinones B [78]

A reasonable number of enzymes that are computationally predicted to be essential for the growth of 5. aureus have inhibitors. These molecules are
potential drugs against this organism. The prior testing column uses abbreviations to indicate if we located evidence that the listed compounds had
been tested in S. aureus (SA), other bacteria (B), fungi (F), or if no evidence was located (NF). The interested reader should consult the relevant

references for full details regarding these potential inhibitors.



